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Abstract: Microtabs (MTs) are a regularly used flow control device in terms of wind turbine
optimization. The present study introduces the application of the novel cell-set model for an MT
implementation on a DU91W(2)250 airfoil. The cell-set model is based on the reusability of a mesh
to add new geometries on the domain; the matching geometry is located where the user requires,
and a set of cells is constructed around the mentioned geometry. Subsequently, wall boundaries are
assigned to the generated region. Computational simulations were carried out for fully mesh and
cell-set models: MT lengths were set at 1.0%, 1.5% and 2.0% of the airfoil chord length (c) and the
MTs were placed at 93% and 95% of c from the leading edge of the airfoil. Resulting data showed
that the MT behavior was similar for both models with regard to aerodynamic performance curve
representations. A global relative error of 3.784% was obtained for the cell-set model and a maximum
relative error of 7.332% was determined. Qualitatively, both models generated significantly similar
flow stream velocity wakes on the trailing edge area of the airfoil.
Keywords: flow control; wind turbine; microtab; aerodynamics; cell-set model
1. Introduction
According to the last report of the International Energy Agency (IEA), environmental impact
concerns and future shortages necessitate the generation of electrical energy using non-polluting
energy systems. Wind turbine optimization is a noteworthy research field for the industry and
scholar researchers.
The optimization of wind turbines is usually carried out throughout numerical simulations. In a
study by Howell et al. [1], the aerodynamics of a vertical axis wind turbine (VAWT) were analyzed
experimentally and by means of computational fluid dynamics (CFD). Nevertheless, the aerodynamic
improvements for horizontal axis wind turbines (HAWTs) proved to be of higher interest in terms of
energy production. The wake aerodynamics generated by an HAWT were calculated through CFD
numerical simulations in research presented by Vermeer et al. [2].
The implementation of flow control devices on wind turbines proved to be a simple and effective
solution for wind turbine optimization. Depending on their principle, these devices can be active or
passive [3]. As reported by Aramendia et al. [4], some of the most used flow control devices are vortex
generators (VGs), Gurney flaps (GFs) and microtabs (MTs).
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Firstly, VGs are small plates generally located on the suction side of an airfoil, close to the leading
edge, and are typically mounted in pairs (see Velte et al. [5] and Godard et al. [6]). A work based
on numerical simulations presented by Gao et al. [7] determined that the implementation of VG
pairs on a DU97W300 airfoil increased the aerodynamic performance of the airfoil for high angles
of attack (AoAs). Then, the results were compared and validated against experimental data from
Timmer et al. [8,9]. Despite this, for several applications, conventional VGs may not be suitable since
a drag overload tends to appear. This issue was presented in research made by Martinez-Filguera
et al. [10] and Lin et al. [11] wherein low-profile VGs were purposed as a solution for the boundary
layer flow separation when drag overload occurred.
Secondly, GFs are L-shaped fixed flaps commonly positioned on the trailing edge of an airfoil and
perpendicularly directed from the pressure side [12]. Based on wind tunnel results for nine airfoils
and different GF lengths, Alber et al. [13] reported that the aerodynamic performance of an airfoil was
enhanced when short GF lengths were considered. Furthermore, numerical CFD simulations of GF
implementations carried out by Aramendia et al. [14] described that the application of a GF produced a
lift enhancement at low AoAs. However, research on adaptive flaps results to be attractive since the flap
can be orientated to reach suitable performances at different angles of attack. According to Zhu et al. [15],
who carried out two-dimensional simulations of active GFs implemented on energy-harvesting wing
foils, an adaptive GF provides greater energy-harvesting efficiency by increasing the heave force
through synchronous switching of the flap. In the study of Saenz-Aguirre et al. [16], an optimal wind
turbine operation was designed by an artificial neural network (ANN) using active GFs.
Thirdly, the implementation of MTs is the principal point of the present work. MTs are short plates
typically located near to the trailing edge of an airfoil and perpendicularly projected to the pressure
side. The possibilities and capabilities of MTs were firstly introduced by Gruschwitz and Schrenk
(1993) [17] and further investigated by van Dam et al. [18] and Baker et al. (2007) [19]. In their studies,
the tabs were implemented onto a S809 baseline airfoil. An MT application provides a lift enhancement
by changing the flow separation point. Nevertheless, when the MT is located on the suction side
and points upwards, the lift coefficient (CL) is decreased. In a work carried out by Ebrahimi and
Movahhedi [20], the implementation of an MT positioned at 95% of the chord length of an NREL
(National Renewable Energy Laboratory) Phase VI upwind turbine airfoil section saved a maximum of
17% of wasted energy. Cooperman et al. [21] performed two-dimensional numerical simulations of
active MT load control and the results obtained turned out to be close to experimental wind tunnel
data. Additionally, a study by Johnson et al. [22] presents an outline of active load control techniques
for wind turbines, emphasizing on MT control.
An essential point of this study is the application of alternative models and methods for the
modeling of flow control devices in order to reduce computational costs and meshing time. Up to now,
several different CFD techniques have been employed for flow control device modeling (see Sanderse
et al. [23]). Notwithstanding, a novel method has been used for the numerical simulations of this study.
This new method is named after the cell-set model and was firstly presented in Ballesteros-Coll et al. [24].
In essence, this model reuses the cells of an already generated mesh to generate new geometries.
A deeper description of this model is presented in the following section. Similar models, such as the
jBAY model introduced in Jirasek [25], have been broadly investigated by Errasti et al. [26], Chillon
et al. [27] and Fernandez-Gamiz et al. [28]. Additionally, methods such as the proper orthogonal
decomposition (POD) method presented in Fernandez-Gamiz et al. [29] considerably reduce the
computational cost of the simulations.
The main goal of the current work is the analysis of the cell-set model performance for the
implementation of a microtab (MT) on a DU91W(2)250 aerodynamic profile. The DU91W(2)250
airfoil is a widely referenced profile in the wind manufacturing industry and introduced in the NREL
5 MW referenced wind turbine [30]. On the other hand, the cell-set model provides flexibility and
manageability when the addition of new geometries is required. The model leverages the cells where
the geometry would be located and generates a new wall region on those cells, resulting in an alternative
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to save computational and meshing costs. In order to study the performance of the cell-set model,
the results have been compared with the ones obtained from a completely meshed computational
domain, denoted as the fully mesh model in the present work. Different MT configurations have been
established for a range of AoAs. The results have been represented with the aerodynamic performances
of the airfoil (CL/CD ratios), and the cell-set performances are defined by means of the relative errors of
the lift-to-drag ratio between the cell-set and fully mesh models.
The manuscript is structured as follows: initially, the materials and the methodology used in order
to carry out the numerical simulations are presented in Section 2. Subsequently, in Section 3, the resulting
data are provided through quantitative and qualitative representations of the results. The last section
presents a summary of the main and essential conclusions gathered from the current study.
2. Materials and Methods
2.1. Numerical Setup
The present study has been based on a numerical analysis for MT implementation on a
DU91W(2)250 airfoil. This airfoil is commonly used for horizontal axis wind turbine (HAWT)
multi-megawatt applications; see the report of Jonkman et al. [30]. Two different models are presented
in this manuscript: the cell-set model and the fully mesh model. In order perform numerical simulations,
the STAR CCM+ v14.02.012 [31] commercial CFD software was selected.
The numerical scenarios were based on a DU91W(2)250 airfoil, where a two-dimensional O-mesh
was generated around the aerodynamic profile. The radius of the mesh was set at R = 42× c, where c =
1 m is the airfoil chord length. This radius dimension was set in accordance with the recommendation
from a study by Sørensen et al. [32]. As previously mentioned, two different models have been
studied for the implementation of different MT configurations on the DU91W(2)250: the cell-set
model was based on a clean airfoil grid domain without flow control devices, and all the scenarios
for this model were based in that mesh. Conversely, the fully mesh cases needed different scenarios
for each MT position and length. The structured grid where the cell-set model was applied was
set at 207,740 finite elements. Similarly, for the fully mesh cases, the domain ascended to 232,415
cells, as the implementation of an MT close to the trailing edge area of the airfoil required a mesh
refinement. A mesh dependency study on the DU91W(2)250 airfoil performed by Fernandez-Gamiz
et al. [33] identified that the dependency of the mesh reached less than 4% for lift and drag coefficients
calculations. Figure 1 illustrates an enlarged view of the clean mesh for the DU91W(2)250 aerodynamic
profile. With the purpose of determining the first cell height, a normalization with the airfoil chord
length was calculated, which was set at ∆z/c = 1.349× 10−6. The stretching in normal and chord-wise
directions was achieved by tanh stretching functions which are based on Thompson et al. [34] and
Vinokur [35]. The design of the grid was prepared to obtain dimensionless distances (y+ < 1) on the
surface wall of the airfoil. The maximum skewness angle of the mesh reached 22.99◦. The airfoil
surface was set as a non-slip wall boundary type.
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Figure 1. DU91W(2)250 mesh, centered view. The snapshot shows a clean profile without any flow
control device implemented.
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The simulations were carried out with a Reynolds number of Re = 7 × 106, which is based on
the airfoil chord length. Furthermore, the equations assigned to the fluid region of the computational
domain were based on Reynolds-averaged Navier–Stokes (RANS) equations. Particularly, the shear
stress transport (SST) model has been applied to the numerical simulations presented in this manuscript
to model turbulence. As identified by Menter [36], the SST model accomplishes the fusion of the
standard k-ε and k-ω turbulence model by means of a gradual variation on the turbulence properties:
close to the surface wall, the calculations are determined relying on k-ω turbulence, while for the cells
which are far from the wall boundary, k-ε standard turbulence is applied; see Kral [37]. The upwind
algorithm was used for determining the pressure velocity coupling and a linear upwind second-order
scheme was employed for the mesh discretization.
The physical properties of the air were established as follows: the air density was set at
ρ = 1.204 kg/m3 and a dynamic viscosity value of µ = 1.829 ·10−5 Pa·s was introduced. The relative
wind velocity value Vrel = 106.6 m/s.
The results have been represented by means of aerodynamic performance of the airfoil, also known
as the lift-to-drag ratio, which represents the relationship between lift (CL) and drag (CD) dimensionless














For the numerical simulations, different MT configurations were implemented. Figure 2 illustrates
a sketch of the tab setup: x [%c] represents the MT position on the pressure side of the airfoil (relative
position from the leading edge) and y [%c] is the MT length. In particular, the sketch shows a detailed
view of an MT construction on a DU91W(2)250 airfoil based on the cell-set model.
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Figure 2. Sketch of the microtab (MT) setup. The relative position and length of the MT are determined
by x [%c] and y [%c], respectively. The detail view shows an MT cell-set construction for an x [%c] =
93% and y [%c] = 1.0% configuration.
Ts were located at two different positions near to the trailing edge of the airfoil: x [%c] = 93% and
x [%c] = 95%. Three different MT lengths were established for the numerical analyses: y [%c] = 1.0%,
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y [%c] = 1.5% and y [%c] = 2.0%. The angles of attack (AoAs) ranged from 0 to 9◦. Firstly, numerical
simulations were performed with the fully mesh MTs and then the simulations were repeated by
applying the cell-set model. All the cases have been named and classified in Table 1.
Table 1. MT configuration cases.
Case Short Ref. x [%c] y [%c] Model
DU91W(2)250 clean no MT no MT Fully mesh
DU91W(2)250_MTCS9310 CS9310 93 1.0 Cell-set
DU91W(2)250_MTCS9315 CS9315 93 1.5 Cell-set
DU91W(2)250_MTCS9320 CS9320 93 2.0 Cell-set
DU91W(2)250_MTCS9510 CS9510 95 1.0 Cell-set
DU91W(2)250_MTCS9515 CS9515 95 1.5 Cell-set
DU91W(2)250_MTCS9520 CS9520 95 2.0 Cell-set
DU91W(2)250_MTFM9310 FM9310 93 1.0 Fully mesh
DU91W(2)250_MTFM9315 FM9315 93 1.5 Fully mesh
DU91W(2)250_MTFM9320 FM9320 93 2.0 Fully mesh
DU91W(2)250_MTFM9510 FM9510 95 1.0 Fully mesh
DU91W(2)250_MTFM9515 FM9515 95 1.5 Fully mesh
DU91W(2)250_MTFM9520 FM9520 95 2.0 Fully mesh
2.3. Cell-Set Model
As previously reported, half of the simulations were based on the novel cell-set model.
The verification of the cell-set model for MT implementation is the main point of the present
study. This method was firstly used on a study by Ballesteros-Coll et al. [24] where a Gurney flap
implementation was carried out. The model resulted to be considerably accurate to be implemented
in other scenarios where small flow control devices have to be added on an airfoil. Nevertheless,
when arbitrary modifications are required, the immersed boundary method (IBM) is a suitable option
(see Reck [38]). For the generation of the cell-set model, firstly, the required geometry is generated onto
the mesh, and subsequently, the cells which are around the mentioned geometry are selected by means
of their IDs. Once a set of cells (cell set) is created, it is split from the fluid region by generating a new
region. After that, a wall boundary limit is assigned to the region that has been built. Thus, this region
follows the same equations that have been applied to the fluid region, RANS equations. Consequently,
no re-meshing processes are needed in order to generate a new functional geometry. Figure 3 illustrates
how small MTs are constructed by using the cell-set model compared to a fully mesh model.
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Figure 3. Comparison of the models for the generation of new geometries (microtabs): (a) fully-mesh
model, DU91W(2)250_MTFM9310; (b) cell-set model, DU91W(2)250_MTCS9310. Snapshots show the
mesh distribution around trailing edge area of the airfoil.
Energies 2020, 13, 6723 6 of 15
3. Results
This section presents the results obtained with the cell-set model and the fully mesh model.
Firstly, the performance of the model is visualized by means of representing different scenarios for MT
implementation. Secondly, the errors of the cell-set model for each case have been determined with the
aim of having quantitative results of the model. Additionally, qualitative results have been illustrated
as a means to represent the cell-set model against the fully mesh model onto a scalar scene.
3.1. Cell-Set Model Performance for a Microtab Implementation
First of all, in order to study the effects of MT implementation for different positions on the
pressure side of the airfoil (x [%c]), three plots have been generated; see Figure 4. Each plot illustrates
the relationship between the aerodynamic performance of the airfoil (CL/CD, lift-to-drag ratio) and
the AoA. There are six curves per plot: the continuous black line shows the values reached for the
clean case, a DU91W(2)250 airfoil without flow control devices. These values are directly compared
and validated against the ones obtained for a X-foil case (red-cross markers) from the DOWEC project
which was carried out by Kooijman et al. [39] and Lindenburg [40]. Likewise, the values obtained from
both models, cell-set and fully mesh, have been displayed in Figure 4. Red and green curves with
asterisk markers show the performance values reached for the cell-set model while the blue and cyan
curves with square markers present the performances for the fully mesh model. Two positions on the
pressure side of the aerodynamic profile are introduced in each plot: x = 93% of c and x = 95% of c.
In addition, for each device position, three different MT lengths are shown (one per plot) in Figure 4:
y = 1.0% of c (a), y = 1.5% of c (b) and y = 2.0% of c (c).
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of the MT per plot: x = 93% of c (a) and x = 95% of c (b). 
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Figure 4. Aerodynamic performance curves (CL/CD, lift-to-drag ratio) for different positions on the
pressure side of a DU91W(2)250 airfoil: x = 93% of c and x = 95% of c. Each plot has one MT length (y)
assigned: (a) y = 1.0% of c; (b) y = 1.5% of c; (c) y = 2.0% of c. Angles of attack (AoAs) range between 0
and 9◦.
As illustrated in Figure 4, the curve formed by the X-foil and the clean fully mesh curve follow a
similar pattern. In the same way, the values obtained for the fully mesh model and the cell-set model
show approximated ratios. Resulting data show that the position on the pressure side of the airfoil
has an effect on the aerodynamic performan e: for low s, the performance values result to be
higher f r an MT located at 95% of c. By contrast, for AoAs higher t 6◦, the airfoil with the MT
located at 93% of c reaches higher CL/CD values. This effect is enhanced in the CS-FM9315, CS-FM9320,
CS-FM9515 and CS-FM9520 cases, where y = 1.5% of c and y = 2.0% of c. For the CS-FM9310 and
CS-FM9510 cases, the curves tend to be lower at x = 93% of c, for the whole AoA range, until a 9◦ AoA
is reached. At that point, the profiles have similar aerodynamic performances.
The evidence suggests that the MT length variations on the pressure side of the airfoil affect more
than the distance of the MT from the leading edge in terms of lift-to-drag ratio. Hence, in order to have
a clearer description of the MT l ngth variation effect on the aerodynamic perfor ance of the airfoil,
the illustratio s of Figure 5 have been displayed. Each plot describes eig t curves: the previous clean
and X-foil curves are represented, with the purpose of following the same references. The remaining
curves present the CL/CD ratios for the cell-set and fully mesh models. Magenta, cyan and blue curves
with square markers show the fully mesh performances. On the contrary, yellow, green and red curves
with asterisk markers describe the results for the cell-set model. There is one position of the MT per
plot: x = 93% of c (a) and x = 95% of c (b).
Depending on the MT configuration, beneficial or detrimental properties could be added to the
airfoil performance. In the previous illustrations of Figure 5, it is clearly presented that the variations
in MT length play a significant role in terms of aerodynamic performance. At low values of AoA,
MT implementation results to be beneficial in regard to performance, whereas longer MTs describe
higher ratios. However, for low AoAs, the MT length variation effect on the CL/CD is not as noticeable
as for high AoAs. At 2◦, the curves start to diverge. For y = 1.5% of c and y = 2.0% of c, the performance
values are enhanced with MT implementation, the curve of y = 2.0% of the chord length being the
higher one of both of them. Nevertheless, after diverging at AoA = 2◦, an MT with y = 1.0% of c length
describes lower values than the clean profile. For this particular case, the profile starts to perform at
increased ratios for AoAs higher than 6◦.
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Figure 5. Aerodynamic performance curves (CL/CD, lift-to-drag ratio) for different MT lengths
implemented on a DU91 (2)250 airfoil: (a) location of the MT at x = 93% of c and (b) location of the
T at x = 95% of c. AoAs range between 0 and 9◦.
Aft r examining the curves, it can be concluded that CS-FM9320 is a suitable and
optimum configuration among all the c ses tudied on this manuscript, closely followed by the
CS-FM9520 configuration as the diff ences in x [%c] position imply minimal variations in the
aerodynamic performance.
3.2. Error Calculations
With the aim of obtaining quantitative results for the cell-set model efficiency on an MT application,
the relative error for each scenario was determined. Error calculations were performed by comparing the
performance results obtained with the cell-set model to the ones obtained with fully mesh simulations.
First of all, in order to visualize the errors generated by the cell-set model for each MT configuration,
at different AoAs, all the scenes were analyzed case by case as it is illustrated in Figure 6. As previously
presented in Section 3.1, aerodynamic performances have been represented for each MT configuration
(x = 93% of c and x = 95% of c). The MT lengths have been designated from y = 1.0% of c to y = 2.0% of
c. Each plot of Figure 6 displays five different curves: the black continuous line is the constant CL/CD
ratio for a clean DU91W(2)250 airfoil without any flow control device implemented. Blue and cyan
lines with square markers represent the values obtained for the fully mesh model for x = 93% of c and x
= 95% of c, respectively. By contrast, red and yellow lines with asterisk arkers show the calculations
based on the cell-set model.
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Figure 6. MT configuration cases. Each plot sho s the effects of T length variation on the CL/CD
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Figure 6 repres nts the rro of the cell-set model by taking as a ref r nce the fully mesh one.
Thes r lative erro s have been calculated by operating with the following formulae: Equation (3) was
used to determin the relativ error per case. This formula compares the minimu (min(CL/CD))
and maximum (max(CL/CD) lift- o-drag ratio values between both fully mesh and cell-set models
and the r sult is present d as an error percentage. For some cases, th maximum value is reached with
the cell-set mod l, and for other cases, with the fully mesh model. Mor over, the average relative rror
values per MT configuration were determin d by Equation (4). Subsequently, the global re ative rror
value was calcul ted by means of Equation (5). All the errors are r present d in Table 2. The maximum
relative error was reached at a 0◦ AoA with the CS9315 configurati with an emax[%] = 7.332%
value. The global relative erro v lue co esponds to eg[%] = 3.784%. In the study by Ballesteros-Coll
et al. [24], the cell-set model reached a global relativ error value of 1.13%. Therefore, it is considered
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Table 2. Relative error (%) per MT configuration case. Average errors are shown in the last row.
MT Case
AoA (◦) 9310 9315 9320 9510 9515 9520
0 1.562 7.332 5.173 0.728 6.213 5.953
2 1.188 6.939 6.741 3.813 3.699 5.371
4 0.748 6.231 5.412 0.211 2.762 4.568
6 0.351 5.343 3.996 0.724 3.250 3.422
9 1.378 4.741 5.115 0.822 3.782 5.946
eavgj (%) 1.045 7.247 5.288 1.260 3.941 5.052
3.3. Qualitative Comparison between Cell-Set and Fully Mesh Models
In this section, a qualitative comparison between the fully mesh and the cell-set models is carried
out. The images presented in Figure 7 show scalar scenes enlarged on the trailing edge area of the
DU91W(2)250 airfoil with a CS9320 and a FM9320 MT implemented. Two snapshots have been
presented for each AoA that has been studied: the cell-set model is on the left part and the fully mesh
model is on the right part.
Energies 2020, 13, x FOR PEER REVIEW 10 of 15 
 
e [%] = ⎝⎜
⎛1 − 𝑚𝑖𝑛 𝐶𝐶𝑚𝑎𝑥 𝐶𝐶 ⎠⎟
⎞ ∙ 100 (3) 
e [%] = ∑ 𝑒𝑁  (4) e [%] = ∑ 𝑒𝑁  (5) 
Table 2. Relative error (%) per MT configuration case. Average errors are shown in the last row. 
MT Case 
AoA (°) 9310 9315 9320 9510 9515 9520 
0 1.562 7.332 5. 73 0.728 6.213 5.953 
2 1.188 6.939 6.741 3.813 3.699 5.371 
4 0.748 6.231 5.412 0.211 2.762 4.568 
6 0.351 5.343 3.996 0.724 3.250 3.422 
9 1.378 4.741 5.115 0.822 3.782 5.946 𝐞𝒂𝒗𝒈𝒋 (%) 1.045 7.247 5.288 1.260 3.941 5.052 
3.3. Qualitative Comparison between Cell-Set and Fully Mesh Models 
In this section, a qualitative comparis n between the fully mesh an  the cell-set models is carried 
out. The images presented in Figure 7 show scalar scenes enlarged on the trailing edge area of t e 
DU91W(2)250 airfoil with a CS9320 and a FM9320 MT implemented. Two snapshots have been 
presented for each AoA that has been studied: the cell-set model is on the left part and the fully mesh 
model is on the right part. 
Figure 7. Cont.
Energies 2020, 13, 6723 11 of 15
Energies 2020, 13, x FOR PEER REVIEW 11 of 15 
 
Figure 7. Qualitative comparison of velocity scalar field of the cell-set model and fully mesh model 
for MT implementation on a DU91W(2)250 airfoil. MT9320 configuration: x [%c] = 93%; y [%c] = 2.0%. 
The correlation between illustrations is noticeable as the geometries created by the cell sets are 
significantly approximated to the fully mesh geometries. This factor contributes to a similar velocity 
field around the MT area and in the wake. Additionally, from 0 to 9°, different stream wakes 
generated by the change in the AoA are clearly represented in both models. 
A comparison of pressure distribution was carried out by means of pressure coefficient (cp) 
values of the DU91W(2)250 airfoil surface. The CS-FM-9320 configuration (x = 93%; y = 2.0% of c) was 
selected as it resulted to be the one with the highest aerodynamic performance. Figure 8 represents 
the cp values for the mentioned case in the whole AoA range studied, for the fully mesh model and 
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Figure 7. Qualitative comparison of velocity scalar field of the cell-set model and fully mesh model for
MT implementation on a DU91W(2)250 airfoil. MT9320 configuration: x [%c] = 93%; y [%c] = 2.0%.
The correlation between illustrations is noticeable as the geometries created by the cell sets are
significantly approximated to the fully mesh geometries. This factor contributes to a similar velocity
field arou d the MT area and in the wake. Additionally, from 0 to 9◦, ifferent stream wakes generated
by the change in the AoA are clearly represe ted in both models.
A comparison of pressure distribution was carried out by means of pressure coefficient (cp) values
of the DU91W(2)250 airfoil surface. The CS-FM-9320 configuration (x = 93%; y = 2.0% of c) was selected
as it resulted to be the one with the highest aerodynamic performance. Figure 8 represents the cp
values for the mentioned case in the whole AoA range studied, for the fully mesh model and for the
cell-set model. A continuous black line has been sketched in order to represent the airfoil dimensions.
Positive gaps of cp are generated on the MT position and the aft loading is substantially enhanced on
the MT area of the profile.
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Figure 8. Pres ure distribution of the DU91W(2)250_MTCS9320 and DU91W(2)250_MTFM9320 cases
represented with the pressure coefficient (cp) at AoA = 0◦, 2◦, 4◦, 6◦ and 9◦. The subplot shows an
enlarged view of the MT area.
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Different pressure levels show that the pressure drops between suction and pressure sides of the
airfoil are enhanced for the fully mesh model in comparison with the cell-set model. This effect could
be related to the more noticeable velocity field behind the MT in the fully-mesh (FM) cases; see right
column of Figure 7.
The right side of Figure 8 illustrates an enhanced view of the pressure distribution in the MT
region. Note that the mesh resolution is significantly smaller than the scale shown in the plot of
Figure 8, making the error generated by mesh resolution almost unnoticeable. It can be barely noticed
in the subplot where the pressure coefficient values for the cell-set model and fully mesh model are not
aligned, as a consequence of the accuracy given by the cell-set.
4. Conclusions
In the current work, numerical simulations were carried out in order to study the cell-set model’s
performance against a fully mesh model for MT implementation on a DU91W(2)250 airfoil. The cell-set
model is an adaptable and versatile method to apply when the generation of new and small geometries
into a computational domain is demanded. Additionally, no re-meshing processes are required in
order to apply the model as the cells are split from the fluid region of the mesh, which is already
generated. Consequently, the cell-set model saves mesh calculation times when a geometry has to be
added or changed.
Firstly, it was determined that the numerical simulations based on the cell-set model and the fully
mesh model formed similar patterns in terms of aerodynamic performance analysis. A global relative
error value of eg[%] = 3.784% was reached and a maximum relative error value of emax[%] = 7.332%
was calculated. Considering that the global relative error was significantly low, it can be concluded
that the cell-set model is competent for the implementation of an MT in other scenarios. Furthermore,
it has been also concluded that generally, when the construction of cells requires a high amount of
structured elements, the error generated by the cell-set model tends to be increased.
Secondly, it was observed that the MT position changes along the pressure side of a DU91W(2)250
airfoil do not affect to the aerodynamic performance of the airfoil as much as the variation in the MT
length. This factor contributed to a deeper analysis of the effects of MT length variations. Resulting
data showed that the optimum MT configuration was reached with a CS-FM9320 configuration,
where x = 93% of c (MT position from the airfoil leading edge) and y = 2.0% of c (MT length).
The CS-FM9320 was closely followed by the CS-FM9520, as the MT position change did not have as
much of an effect as the MT length.
Once quantitative evidence of the cell-set performance was obtained, a qualitative analysis was
carried out wherein the effects produced on the velocity field by an MT implementation were displayed.
Similar results were determined for both models: cell-set and fully mesh. These equally represented the
effect of MT implementation since both showed similar wake shapes. In terms of pressure distribution,
similar behavior has been observed in both models, with the fully mesh model being the one with the
more noticeable pressure drop.
This cell-set based tool could be very helpful in order to perform successful parametric and
optimization studies w here a high amount of simulations is required.
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Nomenclature
Definition Unit
CFD Computational fluid dynamics -
MT Microtab -
GF Gurney Flap -
VG Vortex generator -
ρ Local density kg/m3
µ Dynamic viscosity Pa·s
AoA Angle of attack deg
c Airfoil chord length m
RANS Reynolds-Averaged Navier–Stokes -
SST Shear stress transport -
ANN Artificial neural network -
NREL National Renewable Energy Laboratory -
POD Proper orthogonal decomposition -
eri Relative error %
eavg j Average relative error %
emax Maximum relative error %
eg Global relative error %
CL Lift coefficient -
CD Drag coefficient -
cP Pressure coefficient -
Re Reynolds number -
Vrel Relative wind velocity m/s
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